INTRODUCTION
Idiopathic short stature (ISS) refers to the case when a child's height is less than two standard deviations (-2SD) of the mean height of normal children of the same age and sex. ISS excludes cases of short stature arising from systemic disease, endocrine factors, nutrition, chromosomal abnormalities, small for gestational age (SGA) infant, and other diseases leading to short stature. The incidence of ISS accounts for 60-80% of short stature (Cohen et al., 2008; Rosenbloom, 2009) , and is a common disease. ISS is not considered a clinical diagnosis, but is a descriptive classification that includes miscellaneous short stature cases whose causes are not yet clear. ISS can be divided into familial short stature and non-familial short stature (including developmental delay of adolescence) according to parental height (Cohen et al., 2008) .
The growth hormone-insulin-like growth factor-1 axis (GH-IGF-1 axis) plays a significant role in the pathogenesis of ISS. Any regulation abnormality along the axis is likely to be related to ISS (Savage et al., 2010; Wit et al., 2011) . Insulin-like growth factor-1 receptor (IGF-1R) is the effector molecule that regulates the cascade reaction of hormone receptors in the axis. IGF-1 must combine with IGF-1R before activating target tissues to play a role in regulating growth and development (Backeljauw et al., 2010) .
The aims of this study were to explore the ISS mechanism from the molecular genetic perspective of the GH-IGF-1 axis, to screen single nucleotide polymorphism (SNP) loci related to ISS genetic susceptibility, to analyze the relationships between SNPs of the IGF-1R gene and ISS genetic susceptibility, and to determine the correlation of IGF-1R with the following ISS clinical parameters: height (Ht) standard deviation integral value (SDS), SDS of weight, body mass index (BMI), IGF-1 SDS, IGF-binding protein 3 (BP3) SDS, and target height (TH) SDS.
MATERIAL AND METHODS

Subjects
The case-control study design was adopted in this experiment. A total of 1290 samples were analyzed, which were obtained from unrelated individuals of the southern Chinese Han population.
Control group
Five hundred and seventy-five normal patients who came for medical examinations between 2008 and 2009 were recruited as control subjects, including 289 males and 286 females. The mean height of males was 173.75 ± 5.62 cm, the maximum height was 180.0 cm, and the minimum height was 161.0 cm. The mean height of females was 162.31 ± 4.32 cm, and the maximum and minimum heights were 173.0 cm and 151.0 cm, respectively. The inclusion criteria were as follows: i) height within ± 2 SDs of the mean height of the normal population of the same sex and ii) BMI within the normal range.
Data pretreatment
Height, IGF-1, and IGF-binding protein 3 (BP3) (Xu et al., 2013) were measured, and genetic height was used as the reference unit to calculate the SDS. The corrected mid-parental height (CMH) method was used to calculate the genetic TH, which is the average height of parents plus 6.5 cm for male children and the average height of parents minus 6.5 cm for female children (Tanner et al., 1970) , and the SDS of TH = (actual TH -the mean adult height)/ standard deviation of adult height (Li et al., 2009 ). Yip's bone age (BA) scoring system, which is an improvement of the Tanner-Whitehouse (TW) method according to characteristics of Chinese people, was used to assess BA, which was assessed by experienced professionals. The lag of BA by more than 1 year was defined as BA delay, which was denoted by actual age minus BA.
Research materials
The main instruments used were the desktop centrifuge 5415D (Eppendorf), the Nanodrop nucleic acid protein analyzer, and related reagents required by the ND1000NA and Snapshot platforms.
Genomic DNA extraction
Two milliliters fasting venous blood was drawn from the ISS and control group sub-jects, EDTA-2K anti-coagulated, and genomic DNA was extracted according to the routine phenol chloroform-isoamyl alcohol method, which was stored at -20°C until use.
Screening for alternate gene SNP loci
According to the tag SNP strategy of linkage disequilibrium, maximal coverage of all SNP loci can be achieved through genotyping a small tag SNP. The tag SNP loci were selected according to the subset SNP frequency of Han Chinese in Beijing, China (CHB) available in the HapMap databank and NCBI. Finally, the following 46 optimized tag SNP loci were selected: rs4966007, rs4966010, rs1574213, rs1319859, rs1976667, rs4966015, rs907813, rs11857366, rs4966017, rs932071, rs4965430, rs7183706, rs2175800, rs7183655, rs11855223, rs8041224, rs8037855, rs907801, rs12908948, rs3759908, rs6598554, rs7181123, rs8030473, rs2684761, rs4246340, rs1398873, rs1879612, rs8030950, rs12594847, rs2684781, rs1521480, rs11630259, rs12593291, rs4966038, rs2684811, rs2715416, rs7168671, rs2139924, rs2272037, rs7169544, rs4966039, rs3784604, rs2684808, rs3743262, rs2002880 , and rs2684788. The linkage disequilibrium coefficient (r 2 ) was > 0.8, and the minor allele frequency (MAF) was > 0.05.
SNP loci genotyping
The Snapshot technology platform (Applied Biosystems) was adopted to conduct the SNP loci genotyping. After designing primers of different lengths, the Snapshot reaction was performed targeting different mutational sites. The products were treated by electrophoresis separating, were detected with five-color fluorescence, and analyzed with GeneMapper (Table 1) . The Snapshot polymerase chain reaction (PCR) cycle conditions were: 96°C for 10 s, followed by 25 cycles of 96°C for 10 s, 50°C (53°C) for 5 s, and 60°C for 30 s, and finally 60°C for 30 s and reducing to 4°C. The total volume of PCR amplification was 5 μL containing 1.3 μL dH20, 1.2 μL Pooled Primers, 2 μL Pooled PCR Products, and 0.5 μL Reaction Mix. The SNP sequencing results of rs1976667 and rs2684788 were analyzed using GeneMapper4.0 software.
Statistical analysis
The chi-squared test or the Armitage trend test was used to analyze differences between the control and ISS groups in SNP genotypes of the IGF-1R gene, alleles, and dominant and recessive modes. The Student t-test or the rank sum test was adopted to analyze the relationship between genotype and clinical parameters. Statistically significant differences were indicated when P < 0.05. All analyses were performed with SPSS17.0.
RESULTS
SNP locus genotyping
The SNP sequencing results at the rs1976667 and rs2684788 loci of the IGF-1R gene were analyzed using GeneMapper4.0 and are shown in Figures 1 and 2 . 
Single locus chi-squared test or Armitage trend test
The Hardy-Weinberg equilibrium test showed no significant difference in rs1976667 between the ISS group and the normal population (P > 0.05), indicating that the sample represented the normal population distribution. The chi-squared test was used to carry out the allele frequency, genotypic frequency, and G dominant/recessive mode analyses. In normal control individuals, rs2684788 differed significantly from Hardy-Weinberg expectations (P < 0.05). The Armitage trend test was used to analyze the allele frequency, genotypic frequency, and G dominant/recessive mode analysis.
Analysis at the screening stage of the 275 ISS patients and 379 control subjects revealed that rs1976667 and rs2684788 were significantly correlated to ISS (P = 0.03636 and P = 0.01352, respectively). Targeting these 2 loci, validation was conducted by further expanding the sample size to 715 ISS patients and 575 control subjects. The validation revealed no statistical significance in the differences in the distribution frequency of the 2 SNP alleles, the distribution frequency of genotypes, or case-control associations of genotype in the dominant and recessive modes. The data was then stratified by sex, and the results are presented in the following sections.
Analysis of the rs1976667 and rs2684788 loci in males
The results of the rs1976667 locus analysis in males showed no statistically significant difference in the G/A allele distribution frequency between case and control groups (χ 2 = 3.312, P = 0.069, odds ratio (OR) = 0.734, 95% confidence interval (CI) = 0.525-0.943). However, the difference in the genotype distribution frequency between groups was statistically significant (χ 2 = 6.176, P = 0.046), as was the difference in the G dominant mode (χ 2 = 5.564, P = 0.018, OR = 0.709, 95%CI = 0.524-0.943). After Bonferroni correction for multiple tests, the difference of the G dominant mode remained statistically significant, suggesting that the genotypes GG and GA were relevant to ISS susceptibility in males, which might show a G dominant mode of inheritance ( Table 2 . Chi-square test for rs1976667 locus of the IGF-IR gene in males.
The results of the rs2684788 analysis in males showed a statistically significant difference between case and control groups in the G/A allele distribution frequency (χ 2 = 5.786, P = 0.016, OR = 0.677, 95%CI = 0.493-0.931). However, the genotype distribution frequency did not differ significantly between groups (χ 2 = 1.846, P = 0.174), whereas the G dominant mode did show statistical significance (χ 2 = 27.120, P < 0.01, OR = 0.300, 95%CI = 0.187-0.481). After Bonferroni correction for multiple tests, the difference in G/A alleles and dominant/recessive mode in male ISS patients remained statistically significant, which suggested that the G allele and the G dominant mode were relevant to susceptibility to ISS in males (Table 3) 
Analysis of the rs1976667 and rs2684788 loci in females
The analysis of the rs1976667 locus in females revealed that the difference in the G/A allele distribution frequency between the case and control groups was not statistically significant (χ 2 = 0.312, P = 0.577, OR = 0.894, 95%CI = 0.604-1.324). However, the difference in the genotype distribution frequency was statistically significant (χ 2 = 9.017, P = 0.011), as was the difference of the G dominant mode (χ 2 = 8.843, P = 0.003, OR = 1.708, 95%CI = 1.199-2.432). After Bonferroni correction for multiple tests, the differences of genotype and G dominant mode in female ISS patients remained statistically significant, which suggested that different genotypes and the G dominant mode were relevant to susceptibility to ISS in females (Table 4) . Table 4 . Chi-square test for rs1976667 locus of IGF-IR gene in females.
The rs2684788 locus analysis in females revealed that the difference in the G/A allele dis-tribution frequency between the case and control groups was statistically significant (χ 2 = 7.750, P = 0.005, OR = 1.698, 95%CI = 1.169-2.468). The difference in the genotype distribution frequency was statistically significant (χ 2 = 7.984, P = 0.005) as was the difference in the G recessive mode (χ 2 = 11.722, P = 0.001, OR = 1.890, 95%CI = 1.311-2.725). After Bonferroni correction for multiple tests, the differences in genotype, the G/A allele, and the G recessive mode in the female ISS group remained statistically significant, which implied that different genotypes, the G/A allele, and the G recessive mode of the rs2684788 locus was relevant to ISS in females ( 
Correlation analysis of the IGF-IR gene and clinical data
The differences in Ht SDS, weight SDS, BMI, IGF-1 SDS, IGF-BP3 SDS, and TH SDS of the GG+GA genotype at loci rs1976667 and rs2684788 in the male ISS group were not statistically significant (P > 0.05) ( Table 6 and Table 7 ).
GG+GA (n)
AA ( The differences in Ht SDS, weight SDS, BMI, IGF-1 SDS, IGF-BP3 SDS, and TH SDS of the GG+GA genotype of the G dominant mode at the rs1976667 locus in females were compared. Only the difference in IGF-1 SDS was statistically significant (P = 0.006), which implied that the GG+GA genotype was relevant to the IGF-1 SDS value (Table 8) . GG+GA (n) AA ( 
DISCUSSION
The IGF-1R gene is 315 kb, is located in chromosome 15q26.3, and contains 21 exons and 20 introns (Klammt et al., 2011) . The 21 exons of the human IGF-1R gene encode an mRNA of approximately 11,242 bp that includes the 5ꞌ-untranslated region (UTR) and the 3ꞌ-UTR. A total of 4104 nucleotides encode the IGF-1R protein, which consists of 1367 amino acids in the open reading frame of IGF-1R mRNA. IGF-1R belongs to the insulin receptor family, and is a type of transmembrane multi-subunit protein tyrosine kinase receptor that is composed of an α-β isomerous tetramer, and has a high degree of homology with the insulin receptor.
The GH-IGF-1 axis plays an important role in the incidence of ISS, and any level of abnormality of this axis may cause short stature (Huang and Yang, 2011) . Several studies, both within China and beyond, have reported associations between polymorphisms of the GHR of the GH-IGF-1 axis with the hereditary susceptibility to ISS and therapeutic efficacy (Lu et al., 2010; Yu et al., 2011) . It was not until 1993 that the IGF-1R gene was found to play an important role in growth and development, which was first discovered through a rat model of IGF/ IGF-1R. The first human IGF-1R mutation was discovered during the screening of SGA in Germany and the US in 2003. Many clinical studies have shown that IGF-1R gene mutations were related to short stature (Yu, 2011; Kawashima et al., 2012) , such as SGA and intrauterine growth retardation (Klammt et al., 2008) . Phenomena such as insensitivity to GH and IGF-1 resistance have been found in ISS patients (Cohen et al., 2010) , which suggested that ISS might be related to IGF-1R gene abnormalities. In addition, IGF-1R participates in many more complex signal pathways, such as the estrogen signal pathway (Eroles et al., 2012) , endochondral bone formation (Duan et al., 2010) , and early embryonic development (Bedzhov et al., 2012) , which indicates that IGF-1R is closely related to growth and development. However, no study has investigated the relationship between SNPs of the IGF-IR gene in ISS children until now.
Through the analysis of 46 tSNP loci of IGF-1R in 275 ISS children and 379 control individuals at the screening stage, 2 positive tSNP loci were identified, rs1976667 and rs2684788, to be significantly associated with ISS (P = 0.03636 and P = 0.01352, respectively).
Validation analysis targeting the rs1976667 and rs2684788 loci found no statistical significance in the differences in distribution frequencies of the tSNP alleles, the distribution frequencies of genotypes, or case-control associations of genotype in the dominant and recessive model. The gender stratification analysis showed that rs1976667 and rs2684788 of the IGF-1R gene were differently associated with genetic susceptibility to ISS in male and female children.
Genotypes at the rs1976667 locus in males showed different associations with genetic susceptibility to ISS (P = 0.047). Carrying the GG + GA genotype significantly influenced the genetic susceptibility to ISS (P = 0.018), which was most likely a protective factor (0 < OR < 1), and presented a G dominant genetic mode of inheritance. These results indicated that males carrying the GG + GA genotype at the rs1976667 locus were probably less likely to develop ISS. The G allele at rs2684788 in males was also relevant to the genetic susceptibility to ISS (P = 0.016), and was a protective factor of ISS (0 < OR < 1), with a risk of 0.677 times that of the A allele. Carrying the GG + GA genotype was associated with genetic susceptibility to ISS (P < 0.001), appeared to be a protective factor (0 < OR < 1), and presented a G dominant genetic mode, which indicated that males carrying the G allele or the GG + GA genotype at the rs2684788 locus were less likely to develop ISS.
Similarly, genotypes at the rs1976667 locus in females showed different associations to the susceptibility to ISS (P = 0.011). The GG + GA genotype was associated with genetic susceptibility to ISS (P = 0.003), and appeared to be an intermediate risk factor of ISS (1 < OR < 2). Its risk was 1.708 times that of the AA genotype, and it presented a G dominant genetic mode, which indicated that females carrying the GG + GA genotype at the rs1976667 locus were more likely to develop ISS. Genotype differences at the rs2684788 locus in females were also relevant to the genetic susceptibility to ISS (P = 0.05). The G allele was associated with susceptibility to ISS (P = 0.005), and appeared to be an intermediate risk factor of ISS (1 < OR < 2). Its risk was 1.698 times that of the A allele. The GA + AA genotype was associated with genetic susceptibility to ISS (P = 0.001), and also appeared to be an intermediate risk factor of ISS (1 < OR < 2). Its risk was 1.890 times that of the AA genotype, and presented a G recessive genetic mode, which indicated that females carrying the A allele or the GA + AA genotype at the rs2684788 locus were more likely to develop ISS.
The rs1976667 locus is located in the first intron region of the IGF-1R gene, and no studies have investigated the structure and function of the encoded protein at this locus to date. The rs2684788 locus is located in the 3ꞌ-UTR mRNA region of the IGF-1R gene, and is thus likely involved in the regulation of gene expression. The 3ꞌ-UTR mRNA of eukaryotic cells contains important functional elements of mRNA, and plays an essential role in gene expression, regulation, and positioning for mRNA. Disruptions to the regulating function mediated by the 3ꞌ-UTR can cause one or more gene abnormalities. The mutation of a single allele on the 3ꞌ-UTR may lead to the occurrence of diseases. Our study found that the rs1976667 or rs2684788 locus of the IFG-1R gene might be relevant to the genetic susceptibility to ISS in males and females. Currently, there are no studies on the encoded proteins at the rs1976667 or rs2684788 loci, and thus further study on the relationship between structure and function is required to clarify the association of the rs1976667 and rs2684788 loci with genetic susceptibility to ISS.
The difference in the IGF-1 SDS was statistically significant between female ISS patients carrying the GG +GA genotype at rs1976667 and those carrying the AA genotype (P = 0.006), which suggested that the GG +GA genotype was likely relevant to IGF-1 SDS. IGF-1 must bind with the IGF-1R of the target issue to play its growth-promoting role; therefore, IGF-1R gene abnormalities can affect IGF-1 levels. Recently, ISS clinical research (Zhang et al., 2008; Yang et al., 2009; Bedzhov et al., 2012) indicated that the IGF-1 level of ISS children was lower than that of normal children. Furthermore, the IGF-1 level correspondingly increased after receiving GH treatment, which implied that the treatment was effective. Therefore, IGF-1 is often used to evaluate the therapeutic effect of GH on ISS in clinical practice. Our study showed that the GG +GA genotype at rs1976667 in female ISS patients was significantly related to IGF-1 SDS, which suggested that different genotypes of the IGF-1R gene at rs1976667 likely influences the IGF-1 level of female ISS children. The rs19766667 locus of the IGF-1R gene might be involved in an important process linking the pathway of IGF-1 combined with IGF-1R, thus affecting the IGF-1 level of ISS children, and leading to the ISS occurrence. Therefore, further research investigating how rs1976667 is involved in the structure and function of the encoded protein is needed. On the other hand, if IGF-1 levels of female ISS children whose IGF-1 levels are low do not increase correspondingly after GH therapy, it needs to consider whether there is poor treatment effect caused by genetic susceptibility of IGF-1R gene.
